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Abstract: A novel wideband printed monopole antenna is proposed covering frequency 
spectrum of wireless local area network (WLAN) and the Worldwide Interoperability 
for Microwave Access (WiMAX). The total antenna size is 30 × 48 × 1.6 mm³ in which 
it consists of a G-shaped slotted printed antenna and a defected ground plane. 
Theoretical and experimental characteristics are presented and compared. The antenna 
yields an achieved impedance bandwidth of 95.1% between 2.374 GHz and 6.682 GHz 
at a reflection coefficient |S11| ≤ -10 dB.The results including S-parameters, surface 
current distribution, VSWR, radiation patterns and antenna gains; in addition to a 
reasonable and stable radiation pattern and power gain. 
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1. Introduction 
 Recently, the trends and demands towards wireless communications such as WLAN and 
WiMAX have been widely increased and leads to an antenna that has a compact size, light 
weight, ease of fabrication and large bandwidth. Therefore, various types of antenna have been 
reported in literature to operate along the WLAN and WiMAX frequency bands [1-9]. 
Different techniques have been proposed providing dual, triple or four band performances such 
as parasitic inverted U-shaped [1], paw shaped [2], C- and L- shaped [3], split ring slot [4], T-
shaped [5] and umbrella printed dipole [6]. Furthermore, a coplanar waveguide (CPW) fed 
monopole antenna [1], coupling fed plate [7] and defected ground plane [5, 8] are other 
methods have been used to improve the impedance bandwidth of the antenna and 
simultaneously improved the antenna performance. In this article, a wideband G-shaped slotted  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geometry of the proposed antenna (in mm); (a) Top View, (b) Bottom view. 
                                                                      
 
(a) (b) 
 Received: March 3rd, 2014.  Accepted: September 13rd, 2014
596
 
 
printed m
introduce
total dime
dimension
% improv
work in [9
shaped slo
frequenci
design; bo
discussed
  
2. Anten
 The co
G-shaped
published
GHz. In 
defected a
substrate 
printed on
1(a) show
2.96 mm2
frequenci
lower arm
frequenci
bandwidth
the top of
95.1 % fr
covered t
antenna w
Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Param
A. Effect 
 In ord
on the pr
Studio. F
without th
onopole anten
d for possible u
nsions of the 
 of the propos
ed size. The 
] which has th
tted printed ra
es and broad i
th experimen
 in the followin
na Design 
nfiguration of
 slotted mono
 data in [10] 
this antenna d
reathat resulte
material with 
 the top side 
s that G-shap
 50 Ω micros
es of WLAN a
, Ls of G-sh
es of WLAN
 of the propos
 the ground pl
om 2.374 – 6
he WLAN/Wi
as fabricated 
 
F
etric Study 
of the Width, W
er to quantify 
oposed antenn
igure 3 and F
e existing of 
na covering 
se to satisfy t
proposed ante
ed antenna sm
proposed work
e dimension o
diator and etc
mpedance ban
tal and simula
g sections. 
 the proposed 
pole that is q
provide dual 
esign, an imp
d wideband p
relative permi
of FR4substra
ed slotted is e
 trip line. Thro
nd WiMAX o
aped slotted a
 and WiMA
ed antenna, th
ane. The impe
.682 GHz com
MAX frequen
and tested. Th
igure 2. Practi
s and Length
the effects of t
a, the parame
igure 4 exhibi
the defected a
the operating 
he requiremen
nna are 30 × 
aller than the p
 has the dime
f 1685 mm2. I
hing of a defec
dwidth can be
ted results of 
antenna is illu
uite similar t
wideband fre
rovement hav
erformances.T
ttivity, εr = 4
te coveringth
tched on recta
ugh the simu
btained after 
re found resp
X respectivel
e defected are
dance bandwid
pared to prev
cy range. To 
e physical pr
cal prototype 
, Lsof G-slot 
heWs (upper a
tric studies w
t the return lo
rea respective
band from 2.
t of WLAN an
48 × 1.6 mm3
revious publi
nsion of 1440
t is confirmed
ted area on th
 achieved. Det
the fabricated 
strated in Fig.
o the publishe
quencies whic
e been made 
he proposed a
.4, thickness, h
e dimension a
ngular patch r
lated results, i
G-slot introdu
onsible to re
y. In order 
a with the size
th of the prop
ious publish 
verify the sim
ototype of the
of proposed an
rm) and Ls(low
ere carried ou
sses of variou
ly. From Figu
37 GHz up to
d WiMAX app
. It should be 
shed work in [
 mm2, compa
 that new deve
e ground plane
ails of the pro
prototype are 
1. The antenna
d data in [2]
h have fluctu
by changing t
ntenna deploy
 = 1.6 mm. T
rea of 10 × 16
adiator that is 
t is found that
ced. The uppe
sonate the upp
to improve th
 of 4 × 4 mm2
osed antenna a
work in [5] w
ulated results
 proposed ant
tenna 
er arm- as sh
t by using CS
s dimensions 
re 3, it can b
 6.68 GHz is
lications. The
noted that the
9] about 15.68
re to previous
lopment of G-
, two resonant
posed antenna
presented and
 comprises the
.The previous
ation at 4.528
he size of the
ed on an FR4
he radiator is
 mm2. Figure
fed by a 26 ×
 the operating
r arm, Ws and
er and lower
e impedance
 was etched on
chieved about
hich not fully
, the proposed
enna shows in
own in Fig. 1)
T Microwave
of Ws and Ls
e seen that by
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wan Noor Najwa Wan Marzudi, et al.
597
 
 
slightly in
shifted. It
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 Meanw
the figure
proposed 
frequency
be observ
at the low
GHz, the 
that the u
frequenci
 
B. Effect 
 The w
that influ
denoted w
 Throu
will affec
parametri
impedanc
 
 
creased the w
 showed that th
Figure
Figur
hile, Figure 4
, it can be ob
antenna tends
 of the propos
ed through the
er frequencies
current has h
pper arm (Ws
es band was co
of the Width, W
idth and the le
enced the perf
ith “Wd” and 
gh figure 5 an
t the impedan
c studies, it c
e bandwidth. T
idth of Ws, the
e width of Ws
 3. Simulated 
e 4. Simulated 
 depicted the 
served that wh
 to resonate 
ed antenna dep
 surface curren
 band; 2.4, 2.5
igh concentrat
) of G-slot co
ntrolled by low
d and Length
ngth of the def
ormance of th
“Ld”. 
d figure 6, it c
ce bandwidth
an be observe
he optimal dim
 upper frequen
 can control th
return loss wit
 
return loss wit
simulated retu
en the length
at lower frequ
ends on the le
t distribution 
, 3.5 GHz and 
ion at Ls and 
ntrol the high
er arm(Ls)of 
, Ld of Defecte
ected ground 
e proposed an
an be seen tha
 of the propo
d that by gra
ension of Ld
cy of the prop
e resonant freq
h various Ws (
h various Ls (l
rn losses of va
 of Ls starts to
ency band. T
ngth of Ls. Th
as shown in F
for the upper 
Ws part respec
er frequencies
G-slot. 
d Area on Gro
plane areother
tenna characte
t by gradually
sed antenna, 
dually increas
was set to 4 m
osed antenna w
uency at the u
upper arm) 
ower arm) 
rious dimensi
 increase from
his indicates 
e effect of the 
igure 9. It can 
frequencies ba
tively. It can 
 band meanw
und Plane 
important des
ristic. These p
 increased the
respectively. T
ed the Ld, it w
m which gave 
ill be slightly
pper band.  
on of Ls. From
 4.5 mm, the
that the lower
Ws and Ls can
been seen that
nd; 5.2/5.5/5.8
be concluded,
hile the lower
ign parameters
arameters are
 Wd and Ld, it
hrough these
ill affect the
a relative  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wideband G-Shaped Slotted Printed Monopole Antenna for WLAN
598
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Simulated return loss with various Wd (width of defected ground plane) 
 
bandwidth of 95.1% compared to others value that resulted dual band and decreased the 
relative bandwidth performances. Meanwhile, the width of defected area Wd was remain intent 
as in [10] because there is no significant differences in impedance bandwidth for over 4 mm. 
From these observations, it proves that the defected ground plane is one of the techniques to 
improve resonant frequency and impedance bandwidth of the antennaas mentioned in [11].To 
verify the performance of the defected ground plane, the comparison of the simulated return 
loss, S11 with and without defected ground plane of the proposed antenna is shown in Figure 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Simulated return loss with various Ld (length of defected ground plane) 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure 7. Comparison of return loss, S11 with and without defected ground plane. 
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Figure 9. Surface current distribution at (a) 2.4 GHz, (b)2.5 GHz, (c)3.5 GHz, (d)5.2 GHz, 
(e)5.5 GHz and (f) 5.8 GHz 
 
C. Voltage Standing Wave Ratio (VSWR) 
 The measured and simulated voltage standing wave ratios (VSWR) for the proposed 
antenna are shows in Figure 10. There exists a good agreement between simulated and 
measured results.  It can be seen that, lower VSWR which is smaller than 2 achieved over the 
entire frequency band from 2.4 to 5.8 GHz. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure10. Simulated and measured voltage standing wave ratio (VSWR) of the proposed 
antenna. 
 
 
(a) (b) (c) 
(d) (e) (f)
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D. Radiation Patterns 
 The simulated far-field radiation pattern on the E-plane (x-z plane) and H-plane (y-z plane) 
at frequencies of 2.4, 2.5, 3.5, 5.2, 5.5 and 5.8 GHz are plotted in Figure 11. The antenna 
shows a stable omnidirectional pattern in the E-plane and H-plane, respectively over the Wi-Fi, 
WLAN and WiMAX spectrum bands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Simulated radiation pattern of the proposed antenna at 2.4, 2.5, 3.5, 5.2, 5.5 and 5.8 
GHz in the (a) X-Z plane and (b) Y-Z plane. “xxxx” simulated co-polarization, “oooo” 
simulated cross-polarization. 
(b) 
(a) 
(b) 
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E. Antenna Gains 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. The gain of the proposed antenna. 
 
 Figure 12 depictsthe simulated gain of the proposed antenna over the interval frequency 
band from 2.4 to 5.8 GHz. The antenna gain levels obtained are about 2.6 -3.3 dBi in the range 
of2.4-3.5 GHz and 3.3 – 0.48 dBi at 3.5 – 5.8 GHz. It can been seen that, the gain at the upper 
frequencies are lower that the antenna gain at the lower frequencies.This is due to the cross-
polarization of upper frequencies in E-plane (x-z plane) as shown in Figure 11 (a)is larger than 
those of the lower frequencies. Additionally, the radiation efficiency of this proposed antenna 
is approximately above 90%. 
 
5. Conclusion 
 A novel wideband G-slotted and defected ground plane printed monopole antenna has been 
presented as possible candidate for WLAN and WiMAX wireless applications. The optimum 
dimensions of proposed antenna were found 48 × 30 × 1.6 mm³. The proposed radiating 
element has achieved stable radiation pattern overall 95.1% operating frequency band extended 
over 2.374-6.682 GHz. Measurement result showed good agreement with simulated one.  
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